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ABSTRACT 
4"   
W MRL (PPG) REPORT NO.  3 

OBJECT. 

To determine the toxicity of CG, CK, and AC to goats and the 
resoiratory behavior of goats when exposed for short periods, in order to 
calibrate this animal for use in field studies of surprise effects. 

RESULTS. 

1. Exposures of "masked" goats to CG concentrat." ons of 1.3 to 50 
mg./l« -aused breath holding for 15 to 139 seconds n-hile concentrations as 
low as 0.6 rag./l. caused respiratory depression. 

2. Thirty second total exposures of goats to CG resulted in greater 
than 50^ mortality only in the range of 10,000 to 12,000 /ng.rain./nP. Above 
this range the mortality probit showed a reverse trend. This phenomenon is 
accounted for by breath holding at very high concentrations. 

3. Exposures of "masked" goats to CK in concentrations of 2 to 50 
mg./l. j-tsulted in marked respiratory depression followed by stimulation, and, 
in the case of casualty doses, another period of depressed breathing. 

4. The respiratory response of "masked" goats to AC was characterized 
by a progressive onset of stimulated breathing followed by a marked depression 
of breathing. Very high concentrations (20 to 45 mg./l») caused an initial 
respiratory depression. 

5. The L(Ct)50,s for the total exposures of unmasked goats were 
determined as follow: 

<v 

■.♦ 

CG (30 seconds) Indeterminate (Soo 2, above) 
CG (2 minutes) 6500 / 750 mg.min./W 
CK (2 minutes) 7000 £ 750 mg.minVm3 

AC (30 seconds) 1300 mg.min./m3 

6.    The approximate L(Ct)50ls for exposures of goats wearing special 
nv.sks* were estimated as follow: 

CG (t variable; average 100 seconds) 17,000 mg,min,/m3 
CK (2 minutes) 14,000 n«.min./m3 
AC (15 seconds) 6,000 mg.min./m3 

AC (30 seconds) 3,000 ing.min./ro3 
AC (2 minutes) 4,000 rag.min./irß 
Thirty second exposures to CG and CK showed no correlation be- 

tween the concentration and ncrtality. 

* without canister 
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Copy available to DDC does not 
permit fully legible reproductioa 

CONCLUSIONS> 

1, The toxicity of nonpors. stont agents during short oxposures is 
largely dependent on tho respiratory response of the subject during exposure. 

2, Exposures to ha.gh corcantrr.tiona cf tho irritoit gnses, CG and 
CK, result in reflex rojpiratorj depresrion,    Th^.t "tsnir'wcry depression 
r^uucea the cffrc'oivonesr of crr.sh concontr&tVons c" rho.:'< events for arr- 
p.'ito effocoe, 

3, On the basis of phjäiological rosoonta,   »U ifj tno most de.iirablc 
sc ndird nonpersistoat. r.pe.it for surprise eflects. 

4, *> ..irt !.itarr*Jt. oxpes^ros of "m; -' -sd" -i-c-, t    •• i;r iyarsi'^rxu gfis 
<. —'_-i -'.,-■  3iv .; >ct l.-) ehe i'^ULovini. limitst: r • 

c      The affuc'-.n v'oncjs of the r,£.://i  i-      iuc-vi apfto:. ixa',.te'y one- 
'^Vi' ' y -.ho   'r senco of t^j -nask -mdor  Khe c   nditi^ ;, tca+.-d. 

b     Thi c1 j.i.c'space o.' the uosV d .iute? t^o •,.:.cnt; unless -cjasu.'efc 
r.. ■?  tp'wn bo „-rcuLre the ntmesphoro through thü nuiak. 

o.    -Sxp.aures to irritant gr.sos of tvto Tdnut.^ dur ;r. jn o ■ !os£i 
r-iv-.l.-'; r..   x^rked variation in rodnonse. 

d.    iäxposurc'S to irrltruit gases   ■£ 30 second durat^n or ' .vi?i 
sl.'iw re ccrrolntion between 'cho concentirtion of agent anu mort ^ ity, 

1-    ^ield roquiremcit^ for nonpersästent a^onts should bo re- 
cv^jrd.red in the light of these results to cst-blish nev; criteria for letlial 
surprise effects. 

2, Now methods f:-r controllel shot >. -ixpoav.ros of gor.t;? in tho field 
to nonporsiätent agc.its iioJH. be invesc?gato;'.. 

3. Field data obtained vith uninackeü and "masked" goa-s jhooüd bo re • 
ov^luatjd. 

ii 

M Copy cmdlable to DDC doet ne» 
peSit fully legibta r^^oduction 
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GLOSSARY 

1,    Breath holding!    Total cessation of respiration for a finite 
interval, 

2»    Dead space:    The space in the goat mask between the nose of 
the goat and the inlet and outlet valves. 

3. Masked goat:    A goat wearing a special goat mask facepiece vdth- 
out a canister. 

4. Probit:    A statistical unit such that "0 of the usual statistics.1, 
table of deviates has been equated to the elicit 5 and the deviate of the 
normal curve in terms of ' ^ '  added algebraically to secure the probit 
corresponding to each percentage kill" (C.I. Bliss, Ann Applied Biol. 
22 134 (35)). 

5. Respiratory depression:    Diminution of the amplitude of the 
respiratory excursion and/or the rate of respiration. 

6. Respiratory minute volume:    Volume of air respired over an 
interval of one minute. 

7. Respiratory stimulation:    Acceleration of the rate and/or in- 
crease in the amplitude of the respiratory excursion. 

8. Surprise effect:    Effective exposure during the period before a 
soldier adjusts his mask. 

9. Short interval exposures:    Exposures of two minutes duration 
or less. 

10. Agents:    CO - Phosgene 
CK - Cyanogen Chloride 
AC - Hydrocyanic ^cid 

11. Reference abbreviations: 

D.P.G, - Dugway Proving Ground 
E.A.M.R.D. - Edgewood Arsenal Medical Research Division 
E.A.T.R, - Edgewood Arsenal Technical Report 
M.R.L, (E.A.) - Medical Research Laboratory (Edgewood Arsenal) 
N.D.R.C. - National Defense Research Committee 
O.S.R.D. - Office for Scientific Research and Development 
P.C.S. - Project Coordination Staff, Edgewood Arsenal 
P.R, - Porton Report 
T.C. - Training Circular 
T.D.M.R. - Technical Division (Edgewood Arsenal)Mejnorandum Report 
T.R.L.R. - Toxicological Research Laboratory (Edgewood Arsenal) 

Report 
U.C.T.L. - University of Chicago Toxicity Laboratory 
U.S.C.W. - U.S. Chemical Warfare Service 

•, 
•fimirfr ""* ^,JKL-^ui-;j *■ -- -»--:—  -    -^■. .^ . . .     —* * 



mm   i        -— ^>,^iiia.iHiM-n>|P-—.4- 

■ ' 
■" 

IffiDIC/X RES^'JICH L/^O^TORY 
MEDICAL DIVISION, OFFICE OF THE CHIEF, CWS 

Dugway Proving Ground, Tooele, Utah 

A STUDY OF SHORT INTEHVAL EXPOSURES OF GOATS TO CG. CK. /JTO AC 

MRL (DPG) REPORT NO. 3 

I. INTRODUCTION. 

A, Object. 

To determine the toxicity of CG, CK, and AC to goats and the 
respiratory behavior of goats when exposed for short periods, in order 
to calibrate this animal for use in field studies of surprise effects. 

B, Authority. 

1. CWS Project Program A 10.2 "Toxicity Determinations", 

2. Medical Division Project Specification No. 86, "Bio-assay 
of Surprise Effects of Clouds Released from Ignitions Charged with Non- 
persistent Agents". 

II. HISTORICAL. 

A,    General. 

In the tactical use of nonpersistent agents emphasis has been 
placed on the use of crash concentrations to attain surprise effects 
within two minutes.    (U.S.C.W. Conference 102, Oc-CWSj PCS Report No. 9, 
17 May 1945; D.P.G. M.R. No. 2l).    Toward this end chemical warfare 
tactics have been developed for the use of such woe pops as the 7.2" 
chemical rocket, the 4.2" mortar, and large capacity'aircraft bombs. 
Estimates of munition reouiremonts have emphasized 30 second to 2 
minute exposures (P.C.S. Report No. 9),    (T.C. 20, 26 April 1945). 

In field trials of those weapons at Dugway Proving Ground, the 
assessment of surprise effects has been carried out by means of short 
interval chemical sampling and by corresponding short interval exposures 
of specially"raasked"goats.    Thirty second and two minute exposures were 
controlled by a remtely operated canister-bypass solenoid valve which was 
designed to permit an exposure of the goat to the gas cloud during the 
desired interval.    (D.P.G. Weekly Report Series 2 - Report 83 - Part B). 
This apparatus was tormad the "surprise" mask because of its application 
to the study of surprise effects.    The results of the bio-assay obtained 
in the 7.2" chemical rocket trials of CG were erratic, particularly for 
30 second exposures, and showod poor correlation with chemical data, (D.P.G. 
Weekly Report, Series 2 - Report 85, 86, Part B),    In view of those results, 
and since published data on toxicity of the nonpersistent agents for goats 
was limited by the small numbers of animals used, a careful study of the 

' 
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I, 
physiological effects of short interval exposures to these agents was 
undertaken. During these studies it became apparent that a study of the 
respiratory response of the goats was also nocossary to explain completely 
th« toxicity for short exposures. 

B, Toxicit\ of the Agents to Goats. 

The available data on the toxicity of short exposure- of CG, 
CK, and AC for goats are given in Table I» 

TABLE I 

Time cf Degree of No, Goats 
ce£t übcposuro Toxigity _ et  iJaod_ Scarce of Data 

rag.min./n? 

CG 1-10 Mir., L(Ct)40-80* 
L(Ct)50 

*k,kooW 14 E.;k.M.R,D, 5 
CG 2 Min. 4,600 14 T.R.L.R. 20 
CG 2 Min. L(Ct)50* >Y,000 6 P.R. 976. 
CG 3 Min. L(Ct)l00» 6,600 8 MirshallW 

CK 1 Min. L(Ct)50* 
5*,000^ 

4 P.R. 2603 
CK 2 Min.    • L(Ct)l00* 6 Suffield 3epori. No.  71 
CK 2 Min. L(Ct)50 3,600 30 T.R.L.R. 26 
CK 3 Min. L(Ct)50* 6,000 6 P.R. 2603 

AC 30 See, L(Ct)l00» 2,900 10 O.S.R.D. 1432 
AC 30 See 2/4 Mortality 4,850 4 P.R. 2298 
AC 2 Min. L(Ct)50 2,200 14 T.R.L.R, 23 
AC 2 Min, L(Ct)50» 5,000 5 P.R. 2298 
AC 3 Min. L(Ct)50 3,000 32 T.R.L.R. 23 (Summary oi" 

previous data) 

Notes    (l) From Uinternitz, M.C., "Pathology of l'ar Gas Poisoning:i, 
Yale University Press, New Haven, Conn. 1920 

(2) Estimated from field exposures 
* Estimated value 

<? 

C, Physiological Effects of the Agents. 

1. CG. 

A recent paper {O.S.R.D. 4637) reviews the literature and 
presents original oxperiraontal data. Included are the L(Ct)50 values for 
various laboratory animals (but not including tho goat), physiological 
effects of the agent on tho lungs, the effect of temporaturo and other 
variables. Studios of the reactions of dogs exposed to CG (N.D.R.C, 
Monthly Progress Report 9-4-1-14, 10 March 1944) have shown that respiratory 
inhibition of 10 to 30 seconds duration occurred in anosthetized dog« when 

• 

■> 
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cxposef' oo CG concantratlons of 1.0 to 10,2 mg./l. Respiration rcturnod 
to r^rnuil during the remaindor of \ho  one minuto exposure. It was also 
found that during a one minute exposure dogs may be expected to breath 
50 per cent of.  the calculated Ct, and 83 to 90 per cent during a 3 to 5 
minute exposure. Rabbits and sheep, (Porton Report 2555) showed apnoa 
on exposure to the agent, and horses reduced their breathing for one to 
two minutes when exposed to concentrations of 0„35 mg./l, of tho agent. 

Respiratory studies on anesthetized dogs  exposed through 
a trachoal cannula for one minute to CG concentrations greater thin 7,0 
mg,/l, showed the average reduction of the minute lu:ig output was 62 por 
cent (0,3.R.D. /f637). In all except one tost the first inhalation caused 
complete cessation of breathing with tha lungo in the deflated stage, 
Apnua continued for 14 to 52 seconds and avornsod 26 seconds. It waa 
«3.30 shevn that, following vagotomy, respiratory inh bitici did not occur 
evan thcufth tho dogs were exposed to 23,S mg /I, Ati-opine^howevor, did 
not aboj.ish the reflex. A concentration of 1,0 mg./l, caused 22 per 
cent respiratory reduction in anesthetized dogs during the first irinuto 
of exposure, and respiration was somewhat stimulated during the fifth 
minute of exposure, 

2, CK. 

Previous work on the toxicity of CK to varioua laboratory 
animals, exclusive of the goat, har been summarized (0,S,R,D, 5001), Data 
was presented on the ij(Ct)50 values, pathology, and symptomatology. 
Original studios were made on the residual effects of CK on dogs ond 
monkeys, the effect of repeated exposures on mice and dogs, and the 
toxicity of AC-CK mixtures. 

The pathology of CK (kodic-JL Division "oport No, 3k)  and 
studies of its specific toxic activity have been presontod(U,C,T,L, In- 
formal konthly Report N.S, 1, 15 April 19A5).  Dute:ö.*»4iön by man was 
estimated to proceed at avzh a rate that 0,315 mg./l, could be inhalod 
indefinitely (E,A,T,R, 3P'0),  Detoxication by goats was ostimated to bo 
approximately C,15 mg,/?, (T.D.lfX 638), 

Respiratory depression during exposure to CK was domonstratod 
by Short and Watt (P.R, 2603), Coon (0,S.R.D, 500l), and Silver (E.A.TJR, 
360), Rosoiratory stimulation was shown to follow respiratory deprossion 
(P,R, 2661;, In field tests with rabbits at Dugway Proving Ground erratic 
results were obtained on the toxicity of the apont. These rasults havo 
boon attributed to roflox respiratory inhibition (PPG Weekly Report 54, 
Series 2, 3 May 1944). 

Eiffht dogs, totally exposed to CK for 15 seconds, in con- 
centrations of 46,7 to 50,3 mg,/!, (nom_nal) survived. Six of thoso 
showed no symptoms at any time. Two of sovon dogs exposed to CK for 30 
seconds in concentrations of 41.4 to 47.9 n«./l. (nominal) survived. Five 
dogs exposed to CK for one minuto to concontrations of 41.6 to 55.3 ragiA- 
(nominal) died. (Medical Division Informal Monthly Report, May 1945). 

V 
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3, AC- 

Experira«ital studies on the toJcicity of AC to various 
laboratory   animals including the goat have been fully aujnmarized by 
Coon et al (O.S.R.D» U32; 13 April 19^3).    The stimulation of respiration 
by injection of AC and NaCN has long been knorn; a similar reaction follow- 
ing inhalation has been described in the literature (M.R.L, (EA) 15, 
T.D.li.R, 471,  and T.D.M.R. 430).    Respiratory depression following stimu- 
lation was described in T.p.L.R, 15.    The ti's for   the occurrence of 
convulsions was shown in T.R.L.R.  23, and thut this roaction was related 
to concentration in T.D.M.L. 698.    It has beer repoi tod that goats were 
able to detoxify the agent continuously when the concentration was    0.05 
(O.S.R.D.. 1432) and 0.10 mg./I. (T.R.L.R. 23>. 

4. Summary. 

CG and CK in the concentrations  required for lethal surprine 
effects have been observed to produce depression of respiration.    !Jith 
phosgeno this depression was abolished by vagotomy and iftay be the^efove 
presumed to be reflex in nature,    AC and OK after the depression oeriod , 
wnre found to produce respiratory stimulation within the surprise period. 
The data further demonstrated that for exposures of 2 minutes or less 
detoxication of AC and CK    could be safely neglected.    The reported 
data,  for the most part, did not include an evaluation of the goat, 
and the studies, involving only small numbers of ?nimals, did not warrant 
?n extrapolation to field requirements.    It was clear, with regard to 
AC, CK, and CG, that l) the "Ct" requirement for surprise Ifethal effects 
differed in each case to an important degree from the requirement for pro- 
longed exposures, and 2) that this difference could not bo predicted fror-i 
the reported data, 

III.    EXmiMENTAL. 

A,    Materials and fiquioment, 

1, Dynamic flow gassing chcmbor (1150 liter volume) 

2, Atomizers 

3, Modified experimental goat mask 

4, CG, CK, and AC 

5, Recording tambour 

6, Sampling and analytical equipment 

7, Motoair vacuum pump (capacit.-/ 35 liters per minute at one- 
half atmosphere), 

M, a. The dynamic flow gassing chamber (Plate 3) has a roller 
ly     equipped carrier on which three goats may be placed and introduced into 
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the chamber for given exposure periods.    The tdnB of exposure can be 
controlled accurately within plus or minus one second.   The chamber 
pumps have a maxiraum capacity of 31Ü0 liters per minute (ca, 3 chamber 
volumes per minute).   The inner walls of the chamber are porcelain 
coated and all metal parts are of stainless steel.    Ports are available 
on the sides for introduction of agent and sampling.   Glass windows permit 
observation during the exposures.    The chamber is -installed in a room 
equipped for rapid removal of toxic vapors from its atmosphere, 

b«    The agents, ÜG, CK. and AC wero dispersed from 
atomizers of various sizes employing a stream of nitrogen over a capillary 
tip (Plato 2),     The atomizer was fitted into a glass flask containing a 
weighod quantity of liquid agent.    An ico-water bath was used to cool the 
agont daring the dispersion of CG and Cil, but vith AC this measure was un- 
necessary.    The concentration of agent in the chamber was controlled by: 
l) tho rate of nitrogen flow through the atomiaor, 2; the size of the atomi- 
zer, and 3) the chamber flow rate. 

c, A goat mask developed in this laboratory for controlled 
field exposures was modified for tho respiratory studies (Plates,1, 4)« 
Ths^ mask consists of a metal nose piece held in position by straps around tho 
goat's head.    Two rubber diaphragms within the nose piece insure a tight 
fit and still permit free na-al breathing.    The goat, however, cannot open 
his mouth while wearing the mask.    A vacuum pump drawing 30 to 3A liters of 
air per minute was connected to the mask.    An outlet valve, a tube (l inch 
in diameter and 12 inches in length) fitted with an inlet valve, and pressure 
tubing leading to a tambour for recording breathing wero all attached to the 
nose piece. 

d. The CG and AC used wore standard CW fillings obtaiaed 
from the Toxic Gas Yard, Dugway Proving Ground.    CK was obtained from lotö 
of CK under surveillance at Dugway Proving Ground and known to be of high 
purity, 

B. Animals. 

380 Angora goats - Those animals weighed between 55 and 110 
pounds with an average of 80- pounds.    They were obtained from southern Utah 
and normally lived at altitudes from 8,000 to 10,000 feet.    Hemoglobin 
vJ-ues for the herd averaged about 9,0 gm, por 100 cc blood with a range 
of 7.0 to 11.0 grams. 

C. Methods. 

1. L(Ct)50 Determinations for Short Jäxposures, 

Total exposures of unmasked goats were made in the dynamie 
flow gassing chamber in order to determine the L(Ct)50 for 30 second and 2 
minute exposures .to CG, 2 minute exposures to CK^ and 30 second exposures 
to AC, Goats were exposed in groups of oithor two or three for the desired 
period. The chamber was operated at 1 to 3 chamber volumes per minute and 
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at least 5 minutes wro -allowed before exposuros to porrait the chambor to 
roach oquilibriura.    Samples of the chamber atmosphere were collected during 
the exact period of exposure either by two bubblers fastened to the carrier 
or by two bubblers sampling from the chamber ports.    Animals exposed to 
CG were kept under observation 10 days; those exposed to AC and CK, until 
death or complete rocoveryi    Goats exposed to .X were weighed, 

2. Dotennination of Respiratory Behavior. 

To determine the respiratory behavior if the animal during 
oxposure to the gas in quesLion, the apparatus shown j-n ^lates 1 and 4 
was used,    "fter equilibrium was established,   ohe inifdee hose of t.he goat 
mask was connected to the chamber and the chamber "tmosphcro circv.latod 
through the mask at a rate of 30 to 34 literr oor minute for the desired 
interval.    This was done to eliminate the dec.ö space of tho mask,.    The 
slight negative pressure so produced did not rriponr to affect tho rospi/ator^ 
behavior of the"ma8ked,,goat.    At the termination of the exposure period 
tho inlet hose was disconnected from the chamber and tho mask flushed vn th 
clean air.    Tracings showing pressure differences due to the goate1 

resniration were t^ken before, during, and after the exposure by means of 
tha recording tambour.    During the exoerimonts with CG the inlet was 
connected to an MIXA2 canister before tho exposure to protect ths anima'j. 
from any g"s in the room.    The resistance of the canister was found to 
alter the respiratory pattern slightly and,  slace tho canister was founc 
unnecessary, its use was discontinued thereafter. 

Samples of gas were withdrawn from the chamber in duplicate 
during the period of exposure.    Samplos wore also withdrawn from the mawk 
in four instances during the CK exposures in order to compire mask and 
chamber concentrations.    The results ore presented in Table IX, and shov 
that the concentrations were ossenjially the same, 

3. Analytical Methods, 

Samples of the chamber atmosphere were collected at a flow 
rate of one liter per minute regulated by critical pressure orifices, FJOW 
rates were checked frequently with a calibrated wet tost meter.    Tho 
absorbing solutions usod were k% hoxrynethylenetetramine for CG, 458 sodiur 
hydroxide in 305» othonol for Ck(2 bubblers), and k% sodium hydroxide* for 
AC,    Titrations for CG and CK content of the absorbing solution were 
made according to the mercuric nitrate method for chlorides in acid 
solution using diphenylcarbazono as indicator.    Several drops of carbon 
totrachloride were addod to assist in seeing- the end-point (Moody P.R. 
2423 (1942)),    AC was detorndnod by the silver nitrate titration method 
of Liebig (ijin. Chom. und Pharra,, 77,, 102 (1851)), using potassium iodide 
as indicator. 

* <$ NaOH was us ad at concentrations of 13 mg./litor and greater, 
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PLATE 5 

Dynamic  Flow Gassinfr Chamber. 

A.      Holler equipped carrier for introducinp; animals« 

E.     Atomiser ir. ice bath. 

C. Manrmeter for "leasuring nitroren flow. 

D. Vigreaux type bubbler  sampling from post, 

E. Bubbler sampling on carrier. 

F. Filter to protect orifice. 

PLATE h 

Apparatus Used  to  Study Tiespiratory  Behavior of  Goats. 

A. Goat mask. 

B. Tambour. 

C. Recorder for tambour, 
i 

D. Tube tc vacunn pump, 

E»      Tube to tambour. 

F, Outlet valve, 

G. Intake hose  leadim? to chamber post. 

O 
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Plate 3.    Dynamic Flow Gassing Chamber 

■i-'J il 1 
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Plate 4.    Appratus used to study 
Respiratory Behavior 
of Goats. 

Plate 2.    Atomiaer for Dispersing 
CG, CK, and AC. 

Photo No. 1585 
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T/JLE II 
Time of 
Sample                fh-oraber Fio',v 
minute                  l./nuruto 

CG 
CG 
CG 

L(Ct)50 
L(Ct)50 
Respiratory 

2 
0.5 
0.5, 2 

1,050 
1,050 
1,000 

CK 
CK 
AC 
..C 

L(Ct)50 
Respiratory 
Respiratory 
L(Ct)50 

2 
0.5, 2 
0.5, 2 
0.5 

1,000 
1000, 750, 1650 
1000, 750, 500 

2,900 

4.   Oporation of the Chamber. 

The chamber flow rates .ind ratios of analytical to nominal 
concentrations for oach series of runs .'re given in Table II.    Analytical 
values are used in preference to nominal concentrations throughout this 
report for the following reasons:    l)    The atomizers used for dispersing 
the agents tended to deliver more rapidly at the start of the run.    2) 

■Evaporation losses occurred in weighing the agent.    3)    analytical samples 
were taken at a constant rate during the exact period of exposure end were 
thus not subject to errors caused by fluctuations in concentration. 

Average Ratio of 
Analytical to 

Nominal Cpnc entratior. 

0.75 
0.79 
0.66 

0,73 
0,65 
0.76 
0.70 

A further check on the accuracy of sampling in the chamber 
was made comparing results obtained from collection bubblers mounted on 
the carrier and bubblers sampling through ports of the chamber.    The 
carrier with the bubblers operating and with 3 goats was introduced into 
a chamber concentration of AC for a 30 second period.    Port samples were 
taken for tho same interval.    The results of 20 such experiments yielded 
an average ratio of carrier to port concentrations of 0,99 with a standora 
error ( (T ) of 0.09.    It is thus evident that the homogeneity of the 
chamber atmosphere was not appreciably disturbed by the introduction of 
animals, and that san-.pling on the carrier or from tho ports was equally 
reliable, 

D.    Result.«. 

1.    L(Ct)50 Determinations 

a,    CG (t s 2 minutes, 30 seconds) 

The lAct)50 for 2 minute total exposures of unmasked 
goats to CG is 6500 / 750 nig.min./m3, calculated by the method of Bliss 
(C.I, Bliss, Quart. J. Pharm,, Ü, 192 - 216 (1938)).    The determination 
is based on the exposure of 72 goats.    For jJO second exposures using 66 
goats, the MCt)50 was indeterminate because mortality greater than 50)6 
was attained only at Ct's between 10,000 and 12,000 mg.min./jiK,   .*t greater 
Of s the mortality probit curve exhibited a reverse trend.    Detailed re- 
sults are given in Tables Illand IV, where the data are grouped for 
convenienco in plotting,    Tho i'Og Ct-probability curves arc shown in Figures 
1 and 2. 
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TABLE III 

TOXICITY OF 30 
SECOND EXPOSURES OF G0.JS TO PHOSGENE 

Run No. 
Analytical 

Concentration 
mg./l«            "li 

Ct Mortality Deaths 
g.min./m' 56 

2A 47.50 23,750 1/3 33.3 

25 43.28 21,640 1/3 33.3 

17 31.28 15,6A0 V3 33.3 

13 
18 
14 

26,22 
23.70 
23.60 

Av. 

13,110 
11,850 
11,800 
12,250 

2/1 
1/3 

4/9 44.4 

11 
19 

2 

22,73 
22.26 
21.74 

Av. 

11,370 
11,130 
10,870, 
11,120 66.6 

9 
10 

6 

21.64 
21.32 
21.16 

Av. 

10,820 
10,660 

10,690 

2/3 
1/3 

5/9 55.5 

8 
16 
12 

20.06 
19.70 
18.83 

Av. 

10,030 
9,850 

„.9.420 
9,770 44.4 

3 
15 

5 

18.36 
18.10 
17.44 

Av. 

9,180 
9,050 
8,720 
8,980 

^ 

^ 33.3 

22 
1 

16.36 
16.04 

Av. 

8,180 
8,020 
8,100 

0/3 

16.6 

20 
13.80 
11.52 

Av. 

6,900 

6,330 

M3 

33.3 
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TABLE IV 

TOXIGITY OF TWO MINUTE EXPOSURES OF GOATS TO CG 

Run No. 

30 

29 

27 

28 

U 

18 
15 
16 
19 

20 
6 
5 
K 

21 

2A 
26 

7 
12 
23 

1? 

13 
11 
25 

8 

9 
2 

10 
1 

"•nalytical 
Concentration 

mg./lt 

17.50 

10.23 

8.98 

6.98 

4» 63 

4.41 
4.39 
4.31 
4.20 

3.93 
3.90 
3.69 
3.61 
3.55 

3.44 
3.36 
3.32 
3.27 
3.24 
3.21 
3.07 

2.96 
2.83 
2.68 

2.46 

1.97 
1.91 

1.49 
1.46 

Ct 
mg.min./nr 

35,000 

20,460 

17,960 

13,960 

9,260 

8,820 
8,780 
8,620 
SAOO 

Av, 876Ä5 

7,860 
7,800 
7,380 
7,220 
1.100 

Av. 7,500 

6,880 
6,720 
6,640 
6,540 
6,480 
6,420 
6*140 

Av. ^7570 

5,920 

4,920 

3,940 
3.820 

Av. 3,880 
2,980 
2.920 

Av, 2,950 

Mortality 

3/3 

3/3 

2/2 

2/3 

3/3 

3/3 
3/3 
2/3 
ih. 

11/12 

2/3 
2/2 
1/2 
1/2 

7Al 

2/3 
2/3 
2/2 
2/2 
2/3 
1/| 

12717 

0/3 
O/i 

1/2 

0/2 

0/4 
0/2 

Deaths 

100 

100 

100 

67 

100 

92 

64 

71 

0 

50 

I 
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b, CK (t = 2 minutes) 

Tho I'(Ct)50 for 2 minuto total exposures of unmasked • 
goats to CK is 7000 £ 750 mg.rain./nr, calculated by tho method of Bliss. 
Fif ty-nino goats were used.    Detailed results are shown in Table V and 
Figure 3. 

c. AC (t = 30 seconds) 

The L(Ct)50 for 30 secund total exposure of unmasked 
goats to AC is 1300 mg.min./ra^ {US animals).   Grouping of the data for 
plotting is shown in Table VI and the log Ct-probabiiity curve used to 
determine the L(Ct)50 is given in Figure 4.    Ai no correlation was found 
between weight of the animal and toxicity, weights are not given. 

2.    General Response of Goats. 

a. CG. 

Goats exposed to casualty producing concentrations of CG 
exhibited no early symptoms except struggling during exposure. Difficulty 
in expiration immediately following exposure was severe enough in some 
instances to cause retraction of the intercostcl spaces. About four houis 
after gassing, difficulty in respiration had increased and there was audible 
and visible «svidonce of pulmonary edema. Cyanosis followed and all symptoms 
increased until tho time of death. 

b. CK and .X. 

Animals exposed to CK and AC showed an essentially 
similar   train of symptoms.    The first noticeable effect was dilatation of 
the pupils, which was more marked after exposure to CK than to AC.   Respira- 
tory stimulation then occurred and after about 30 seconds the goat bloated 
and struggled violently.    The abdomen usually became distended at this 
time.    A few seconds after struggling started tho goat collapsed (25 to 
60 seconds from tho start of exposure).    Respiratory stimulation continued 
for about JO seconds and was followed by respiratory paralysis.    While 
the animal was comatose tetanic spasms occurred and then changed to clonic 
convulsions.    The convulsions continued at intervals until death or 
start of recovery of tho animal.    The goats that died usually struggled 
briefly just before death.    In some instances (with both CK and AC), 
pulmonary and nasal hemorrhage were noted.    Deaths usually occurred within 
10 minutes of exposure. 

Those animals which recovered resumed normal respiration 
slowly.    Return of consciousness was gradual, and animals frequently re- 
lapsed after inching too groat an effort to rise.   Upon recovery, tho 
forologs were weak, but in a short time tho goat was alert and apparently 
unaffected.    There wore no residual symptoms or delayed deaths due to AC« 
Three of tho goats totally exposed to CK exhibited severe residual neuro- 
logical 8if5|i«,     . 

Cyanosis was present in both AC and CK gassed animals but 
was more pronounced with CK.    Animals totally exposed to CK also exhibited 
marked lacrimation. 

10 
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TABLE V 

TOXICITY OF TWO MINUTE EXPOSURES OF GOATS TO GK 

RvpNo, 
Analytical 

Concentration 
mg.A« 

Ct Mortality Deaths 
mg.min./m^ i 

21 8.10 16,200 3/3 100 

22 5.89 11,780 3/3 100 

1 5.38 10,760 3/3 100 

2 
18 
11 

4.90 
4.88 
4.70 

9,800 
9,760 
9.400 

Av. 97650 

3/3 
2/3 

8/9 89- 

16 
10 

4.34 
4.05 

8,680 
9.10Q 

Av. 8,390 

2/3 

50 

15 
20 

6 
9 

3.?" 
3.60 
3.54 
3.50 

7,800 
7,200 
7,080 
7.000, 

Av, 7,520 

3/3 

2/3(1) 

15/12 83 

8 
7 

3.42 
3.20 

6,840 
6.400 

Av.  6,620 

0/3(1) 

iy 

3 
5 

2.92 
2.81 

5,840 ' 
5,620 

Av. 5,730 

1/3 
0/3 
1/6 17 

12 
13 
1A 

2.33 
2.17 
2.16 

4,660 
4,340 
ki£9. 

Av. 4,440 

0/3(2) 
0/3 

11 

19 1.94 3,880 0/3 0 

17 
4 

1.41 
1.11 

'2,820 ■ 
2.240 

Av. 2,530 

0/3 
0/3- 
0/6 0 

G 
Notes:    (l)   One goat suffered severe neurological symptoms for three 

days after exposura.    It «as then sacrificed but counted as 
a survivor in the calculation of the U0t)50, 

(2)   One goat showed severe after effects for three days but 
slowly recovered* 
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TART.F. VI 

TOXICITY OF 30 SECOND axpoajRiss OF GOATS TO AC 
Time from Start 

Run 
No. 

Analytical 
Concentration 

mg./l. 
Ct. 

of Exposure for 
Death Mortality Deaths 

rag, rain./n? Min. % 

1 6.22 3,110 7, 8, 4 3/3 100 

2 5.38 2,690 ß, 7, 4 3/3 100 

13 5.10 2,550 7 iA 100 

12 4.37 2,185 3 i/i 100 

3 4.14 2,070 7, 8, 5 3/3 100 

U 3.44 1,720 10, 10, 11 3/3 100 

8 3.09 1,545 7, 6, 10 3/3 100 

17 
20 

9 
10 
16 

2.74 
2.72 
2.71 
2.69 
2.64 
2.63 

Av. 

1,370 
1,360 
1,355 
1,345 
1,320 
1,215. 
1,345 

13 

25, 7 
10 
7 
8, 12, 6 

1/3 
0/1 
2/3 

IA 

8/12 66-7 

19 
15 
18 

7 

2.41 
2.39 
2.36 
2.27 

Av. 

1,205 
1,195 
1,190    ' 

1,180 

35 
0/3 
1/3 

1/12 8.4 

11 2.24 1,120 — 0/1 o 

5 2.12 1,060 — 0/3 0 

6 1.99 995 — 0/3 0 

u 

. 





3. Respiratory Behavior of "IJasked" G0ats. 

a. ca. 

Seven goats rearing the modified juask were exposed for 
30 seconds to -G in concentrations of 25 to 50 mg./l. (Ct's of 12,500 to 
25,000 mg.min./in^).    Six of these animals showed complete breath holding 
during the entire exposure, and exhibited no symptoms of CG poisoning. 
One goat exposed to 35.3 mg./l« took 18 shallov* breaths and died as a 
result. 

In artither series of experiments 19 "masked" goats were 
exposed to concentrations of 0.6 to 15.7 mg./l.  of U} for the duration of 
breath holding plus 30 seconds thereafter.    Br9ath holding of 15 to 139 
seconds i;as a constant response to concentrations above 1.3 mg./l.    Be- 
low this concentration breath holding was nob presort in animals exposed 
for two minutes but respiration was depressed.    At 0.37 mg./l. breathing 
was essentially no ."mal.    In one instance a goat was exposed to a con- 
crfrtration of 1.5 mg./l. for 12 minutes (Ct = 18,000 mg.min./nP) without 
adverse effects, because of depression of the respiratory minute volume 
(figure 7).    Details of these results are shown in 1'able VII and representa- 
tive tracings of the respiratory patterns are presented in Figures 5~Ö- 

b. CK. 

A total of 42 "masked1' goats was exposed for 30 seconds 
or 2 minutes to concentrations of CK ranging from 0.54 to 5l«6 mg./l. 
(Table VIII and IX). The general respiratory pattern for both exposure 
periods consisted of an initial period of respiratory depression with or 
without actual breath holding, followed by a period of respiratory stimu- 
lation and another period of depression. The initial depression (25 to ^30 
seconds) was observed in all exposures to concentrations of 2.0 mg./l. 0/ 
higher. 3leven out of 42 goats exhibited breath holding,  .olow 2.0 mg,/l. 
the initial respiratory phase was essentially normal. The depressed phase 
was followed by a stimulated phase characterized by deep, rapid, and regular 
breathing. The second depressed phase was characterized by slow, regular 
breathing of approximately normal depth. Representative tracings of these 
exposures ore presented in Figures 9 to 15, 

c. AC. 
A total of 45 "masked" goats was exposed to AC for 2 

minutes, 30 seconds or 15 seconds at concentrations of 0.6 to 45.0 n^./l. 
(Tables X and XI),     -ith this gas,  the immediate response to exposure 
differed from that to CO and CK in that respiratory depression occurred only 
in concentrations higher than lb.4 mg./l.    In all other oxposures respira- 
tion was normal for a brief initial period (5 to 60 seconds).   This initial 
period of normal respiration was followed by progressive respiratory stimu- 
lation, usually occurring after the first 5 to 10 breaths.    It was 
characterized by deep, rapid, and regular breathing.   The stiraulausd phase 
was followed by marked respiratory depression, 
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Depressed respiration occurred fron the onset of exposure 
in 8 of 12 goats exposed to concentrations over 18,4 mg./l.    It v/as 
characterized by complete breath holding in one goat and very shallow, 
slow respiration in the  others.    This phase continued for 7 to 15 seconds 
after initial exposure and was immediately followed by stimulated respira- 
tion.    Respiratory depression as described above followed the stimulated 
phase.    All goats exposed for 15 seconds to concentrations of 27.4 mg./l, 
or higher died regardless of the nature of their respiration during ex- 
posure.    Representative tracings of the respiratory pattern for goats 
exposed to .X are prosentod in Figures 16 to 22. 

4*    Toxicity fo;r '-ocoosuros of "Masked" Goats, 

From the results of studios on respiratory behavior it was 
possible to estimate the  toxicity of CG,CK, and AC for short exposures of 
goats wearing the special nask.    Since a relatively small number of aninr-ilö 
wore exposed,  the values can be considered as only approximate.    The follow- 
ing L(Ct)50's were obtained graphically. 

^ui Time of :IbcDOsure No. Goats Exoos ed Approximate L(Ct);;0 
mg. min. /to? 

CG Variablo^j  average 
100 seconds 

17 17,000 

CK Two minutes 24 14,000 
AC 15 Seconds 17 6,000 
AC 30 Seconds 10 3,000 
AC Two minutes 18 4,000 

* Results of 330 and 720 second exposures wore not included. 

Thirty second oxnosuros to GG and CK showed no    correlation between con- 
centration and mortality (7 and 18 goats exposed, respectively).    USo of 
a greater number of animals would not be expected to change this conclusion, 
since breath holding of 30 seconds duration or longer occurred in 20 out of 
21 goats for CG concentrations of 1.3 mg./l, and higher; and since 31 out 
of 34 goats exposed to CK concentrations of 2,4 nig./l, and higher ex- 
hibited respiratory depression for 25 seconds or longer.    For each of the 
throe agents studied individual respiratory behavior accounted for every 
pronounced variation fJrom the pldtted log dosago-mortality probit curve. 

In order to evaluate the effects of skin absorption of 4C dur- 
ing short total exposures, six "maskod" goats wore placed in the chamber for 
30 seconds and the chamber atmosphere circulated through the mask at 34 
l./min.    No significant difference was found between the effects on those 
"masked" goats and "masked" goats placed outside the chamber (Table XII), 

Eleven additional goats with thoir louths taped shut to simu- 
late the effect of the mask wore placed in the chamber and exposed to AC 
for 30 seconds.    In this manner possible absorption of agent through the 
mucous membranes of the mouth was eliminated.    The approximate L(Ct)50 for 
these goats was 1700 mg.min./iiK.    The details are presented in Tablo XII» 
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AGENT 1C 
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AGENT AC 
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SXPOSm TIME 2 lOJI. 
CONC.  2,6^ r-'-' 
Ct 5280 ag.i 
COMA)  RECCVBBT 25 ION 
INHALE   - 
EXHALE    ' 

_J L 

■     ■' 

■#  ■ 

:    . 

■ 

--+-~f 
:■:■■■  :     ':  -'h 

■: y      ::; :;   END OF UTOSURI 

■ ■ ■  —  ■ ■ ■ ■  ■ 

^_j__4_„ 

■■■■ —H  







m(DPG)  REPORT NO.3 

FIGURE 20 

AGENT AC 
GOAT NO.  i^* 
EXPOSURE TILE 15 SEC- 
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FIGURE 21 

AGSNT AC 
GOAT NO.   1U3 
EXPOSURE TIME 15 SEC. 
.CONG.  16.4 mg/1 
Ct iflOO mg.min./m-* 
DIED 7 MIN. 
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FIGURE 22 
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IV.  DISCUSSION. 

A, Dotormmation of Toxicity of Monpersistent Agents for Short 
Sxposuros. 

It is ovident from these and other studies that the toxicity of 
nonpersistent agents is largely dependent upon the respiratory behavior of 
the sub.-ject during exposure. This is particulerly trie for short exposures; 
while in longer oxposures (.-*5 rain.) the effects due to initial changes of 
breathing assume decreasing importance. Because of differences in respira- 
tory response to widely varying concentrations of CG, C!K, and AC, it is 
likely that the log dosage-mortality probit relationships will not always b,j 
linear (e.ß. 30 second CG exposures), and the l(Ct)50 value will not have 
its usual significance. For this reason it is Tiost important that de- 
terminations of toxicity for short period exposures to these agents includv- 
a vddo range of concentrations. Omission of tno extremes has misled in- 
vestigators, and has resulted in a misinterpretation of data. The individual 
differences in respiratory resoonse of the animals, particularly to the irri- 
tant gases, CG and CK, often result in unusually wide dispersion of the 
mortality data. In these cases a determination of L(ct)50 may be impractical 

The apparent failure of the Uct^O's of all of these agents tn 
comely with Haber's Ct law can be accounted for by the respiratory behavior, 
üxtromoly high values found for short period exposures to CG and CK are duo 
to respiratory depression during the initial part of the exposure. It is 
also evident that the relationship of the L(Ct)50 values for "masked "goatn 
for 15 second, 30 second, and 2 minute oxoosuros to AC cannot be fully 
accounted for by the usual equations (T,D,M,R, 699; Medical Division Rcpc:rT- 
No, 22)  talcing dctoxication into account. The value of 6,000 mg.min./m3 
for 15 second exposures is high because respiratory stimulation does not 
usually ocr.ur during that period. For 30 second and 2 minute exposures 
lower values of 3000 and 400^ mg.min./ra^ are found because respiratory 
stimulation during that period results in a much higher respiratory volume, 

B. Use of "Masked" Goats, 

It is apparent that the toxicity figures for exposures of "masked" 
and unmasked gents are not in agreement. In each case where a compprison IF. 

afforded the L(Ct)50 values for"masked"goats are about two times graater, 
Those are shown as follow: 

Time of     L(Ct)50 for     Approximate L(Ct)50 
Aeont   Exposure   Unmaakad Goats    for "Masked" Gpats 

min,      mg,min./n^       rag.rain./m3 

CG       2      6500 £ 750 17,000* 
CK       2      7000 f 750 14,000 
AC     1/2      1300 3,000 
AC       2      220O»* 4,000 

* t - 45 to 169 seconds, average 100 seconds 

** T.R.L.R, 23 

• 
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C,    Lirlto-tions of Surprlao Effects. 

CLASSIFIED 
It was found that total oxposuros of goats with thoir mouths bound shut 
rosultad in slightly incroasad rosistrjico to AC (approxiirtc L(Ct)50 
1700 mg.min./jiK; when compared with total oxposuros of unmasked goats (L(Ct)50 
1300 rag.min./nr).    This incrooaso was loss in degree th?ji for total ox- 
posuros of "maskod" goats with the chamber atmosphoro circulating through 
the mask (Table XII), 

Several possible sources were considered fo" this diffcronco in 
toxicity.    Possible dilution of the mask oonccnbratio.i by exhaled air was 
not thought to bo a significant factor because of the -apid circulation 
rate used through the mask p.nd because, in the ■.'-"so of CK, mask concen- 
tracions w:ro found to vary by loss thar L07O from that of the chambor^TabJ.o J! 

Body absorption ivas shown not to be an imoortant factor for short oxposuros 
It 'vas obsjrvod that unmasked goats frcoojntly opened thoir mouths and licv:; 
th-, Ir lips during exoosurc, whereas "masKid" {c.ts we.'o unable to open their 
mouths.    This could permit additional absorptic;. of  v^cnt, ix.rticularly 
AC,  through the mucous membrane of the mouth of unmasked goats.    However, 
sine! the ratios of toxicitios are idontical(i.a. about 2 for each agent;, 
it scorns likely that the differences are caused by a similar factor for each 
ageat.    i-iouth absorption for AC would therefore appear to be of minor im- 
portanco.    in view of all these observations, it soems most Dikely that 
the mask to some degree discourages the breathing effort of the gu-rt.    This 
would result in a decrease in the respiratory minute volume    and,consequently, 
a decroascd amount of agont inspired by the animr.ls.    There is, however, no 
reason to believe that the qualitative picture of respiratory behavior of 4-.he 
goat is essentially changed by tho mask. \ 

As a result of this investigation it is apparent that tho use cf 
"masked" goats for field bio-assay is subject to several marked Ixraitatioiv*. 
Exposures of goats for 30 second intervals to the irritant gasos yields nc 
useful information, Tho toxicity data for compr.rison to field findings of 
all agents requires correction for tho offoct of tho surprise mask upon the 
goat, lihoro this device is used, stops should bo taken to reduce or elim- 
inate dead space within tho mask to prevent dilution of tho inspired air 
through robroathing effects. 

Exposure of goats to high concentrations of CK and CG caused marked 
respiratory depression of variable duration. That reflex action, modiated by 
the afferent fibers of the vagus nerve, accounts, at least in part, for this 
effect has boon shown on anesthetized dogs (N.D.R.C. Div. 9 Roport of U.C.T,L, • 
9-4-1-15 April 1944). In many cases, the duration of respiratory doprossion 
exceeded tho prosuraod period of oxposurc to a crash concentration so that tho 
amount of gas inhaled by the animal, -and hence the effective dosage, was 
markodlji'' r educ od. 

AC, on the other hand, appeared non-irritating in concentrations 
below 20 mg./l. Even above this level, whore initial respiratory depression 
was observed, tho amount of 'gent inhaled in 15 seconds was often onrv.gh to 
produce death. Its non-irritant 'iropcrties, combined with respiratory 
stimulation;malte AC the biologically preferable standard nonporsistont agent 
for obtaining surprise effects. Difficulties in its field dispersal howovor, 

r '      reduce its usefulness at the present tirae, 
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UNCIASSIFIED 
Tho dnta herein prosantod omphasizc the import.-inco of non- 

irritc-'jicy in the use of roaoirptory lethal agonta where surprise is sought. 

V.   CONCLUSIONS. 

A. The toxicity of nonpersistent agents during short exoosuros is 
largely dependent on tho respiratory respense c^ the rubject during ex- 
posure . 

B. iSxposuree to high concentrations of tie irritant gases, CG and 
CK, rjsult in reflex respiratory depression, TM3 respiratory deprcssiop 
reduces tno effectiveness of crash concentrations of these agents for sur- 
orisc off .cts. 

1 

C. On the basis of Physiological r^sponsv, -C is the most desirable 
standard nonpersistent agunt for surprise effecus. 

* mikmm 

D, Short interval exposures of "masked"goats to a nonporsistent gas 
cloud are subject to the following limitations: 

1, The effectiveness of tho a^ont is reduced fipproximately one- 
h.0li' by the; oresenco of the mask under the conditions tested. 

2. The dead space of the mask dilutes the .--gont, unless measures 
aro taken to circulate the atmosphere through the mask, 

3« Exposures to irritant gases of two minutes duration or lose 
result in marked variation in rcsoonse. 

4. üxposures to irritant gases of 30 seconds duration or loss 
show no correlation between the concentration of -igent and mortality. 

VI.  RECOiHiaiDATIüNS. 

A, Fiold requirements for non-porsistont aconts should bo ro- 
c::amined in the li^ht of these results lo establish new criteria for 
lethal surprise effects. 

3, New methods for controlled short exposures of goats in the fiold 
to nonporsistent agents should bo investigated. 

C, Field data obtained wit.i unmasked and "masked" goats should bo r:- 
ovaluatod. 

- 
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MEMORANDUMTHRU Director, Edgewood Chemical Biological Center, (RDCB-D/Mr.
Joseph Wiengund), 5183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-5424

FOR Defense Technical Information Center, 8725 John J. Kingman Road, Ft Belvoir, VA 22060

SUBJECT: Internal Request for Change in Distribution

1. This actionis in responseto an EdgewoodChemical Biological Center (ECBC) Internal
Request for a Change in Distribution on documents related to cyanogen chloride.

2. The listed documents in the attachment have been reviewed by ECBC Subject Matter Experts
and deemed suitable for the change in distribution to read "Approved for Public Release;
distribution unlimited."

3. The point of contact is Adana L, Eilo, ECBC Security Specialist, (410) 436-2063,
adana.Leilo.civ@mail.mil.

Encl

Printed on© Recycled Paper.



Cyanogen Chloride References

[1] Armstrong, GC, Toxicity of Cyanogen Chloride to White Mice by Inhalation, War Department,
Chemical Warfare Service, Edgewood Arsenal, MD, 03 March 1933. Unclassified, Dist. D.
DoD/Contractors. AD# B956466.

[2] Fuhr, I., Krackow, E.H., Cyanogen Chloride LC50 for Rats: 2 min. Exposure, TRLR-27,.
Edgewood Arsenal, Aberdeen Proving Ground, MD, 12 April 1944, Unclassified, Dist. D,
DoD/Contractors. AD# B967754

[3] E.H. Krackow, Fuhr, I., Cyanogen Chloride LC 50 for Rabbits: 2 min. Exposure, TRLR-33,
Edgewood Arsenal, MD, 31 May 1944, Unclassified, Dist. D, DoD/Contractors. AD# B967782.

[4] Bass, A.D., Tucker, V.J., Cyanogen Chloride, Informal Progress Report No. 37, CB-186516,
National Defense Research Committee of the Office of Scientific Research and Development,
Washington, DC, 22 June 1943, Unclassified, Dist. E, DoD Only.

[5] Kolls, AC, Kuhn, HA, and Todd, AJ, Report on Toxicity Tests on Mice, Report No. 33 in
Marshall, EK ed., Pharmacological and Research Section Monographs. War Department
Chemical Warfare Service, Research Division, American University Experiment Station,
Washington, DC, c. 1917. On file with the Historical Research and Response Team, Research,
Development and Engineering Command, Aberdeen Proving Ground, MD. Unclassified, Dist.
E, DoD Only.

[6] Franklin, R.C., Wilding, J.L, Stone, W., Franklin, R.T., A Study of Short Interval Exposures of
Goats to Cg, Ck, and Ac, CB-004057, Dugway Proving Ground, UT, 28 November 1945,
Unclassified, Dist. B, U.S. Gov't Agencies Only.

[7] Kolls, AC, Kuhn, HA, and Todd, AJ, Report on Toxicity Tests on Mice, Report No. 41 in
Marshall, EK ed., Pharmacological and Research Section Monographs. War Department
Chemical Warfare Service, Research Division, American University Experiment Station,
Washington, DC, c. 1917. On file with the Historical Research and Response Team, Research,
Development and Engineering Command, Aberdeen Proving Ground, MD. Unclassified, Dist.
E, DoD Only.




